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 Magneto-optical phenomena
 Magneto-optical response of finite systems
 Green function in arbitrary electromagnetic fields
 Expression for magneto-optical response of 
extended systems
 Computational scheme for calculation of 
magneto-optical response
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 Magnetic circular dichroism (MCD): 
Different adsorption of left and right-
circularly polarized light => 
Transformation of linearly polarized light 
to elliptically polarized light
 Faraday effect: Different refractive 
indices for left and right-circularly polarized 
light => Rotation of the polarization plane 
of linearly polarized light.
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L. D. Barron, Molecular Light Scattering and Optical Activity,
2nd ed. Cambridge University Press, Cambridge, 2004.
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Second-order perturbation theory
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translational invariance in direction 
translational invariance in
direction 
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Green function in static uniform magnetic field
In crystal-momentum representation
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with lattice translational symmetry
To the first order in B
Chen et al. Phys. Rev. B 
84, 205137 (2011)
Green function in magnetic field
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Matrix elements of magnetic moment
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Green function in electromagnetic wave
 exp i i t  E E qr  exp i i t  B B qr 0q 
 B B  V / c   B E E
   
1
2
1 2d c r r Et   

  
 
r
r
A ξ ξ  0H G eE r ,G           
     00E
G
G ieE G
k 

  

 


  
2 3 1 31 2
ti H G     r r r rr r   
1
1 2 1 2
2
e
G G exp i d
c
 
  
  

r
r r r r
r
A ξ ξ

In crystal-momentum representation
Optical response
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Berry curvature = δρB  =>
Anomalous Hall effect
Optical response
of finite systems
position operator = d/dk for nl
position “superoperator”
Magneto-optical response  
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Computational scheme
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Electromagnetic wave
Uniform magnetic field
1. Liouville equation
2. Idempotency 
There is no need to solve Liouville equation for density 
matrix elements within occupied and unoccupied subspaces
Gonze&Zwanziger, Phys. Rev. B 84, 064445 (2011)
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Conclusions
 Non-equilibrium Green functions offer a unified
approach to calculation of all-order response to
arbitrary electromagnetic fields both for periodic and
molecular systems
 The expression for the magneto-optical response of
insulating solids in the approximation of non-
interacting electrons is obtained
 Gauge invariant expressions for the magnetic and
electric dipole moments are suggested
 A computational scheme based on density matrix-
perturbation theory is developed
 Marie Curie International Incoming Fellowship within the 7th
European Community Framework Programme (Grant
Agreement PIIF-GA-2012-326435 RespSpatDisp)
 European Research Council Advanced Grant DYNamo (ERC-
2010-AdG-267374)
 Spanish Grants (FIS2010-21282-C02-01 and PIB2010US-
00652)
 Grupos Consolidados UPV/EHU del Gobierno Vasco (IT-578-13)
 Ikerbasque and European Commission projects CRONOS
(Grant number 280879-2 CRONOS CP-FP7)
Acknowledgements
